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ABSTRACT 

Information Communication and Technology (ICT) utilization has become a backbone of 

e-government implementation. Six components of information system (hardware, 

software, people, data, process and network) are combined to deliver information from 

government to their citizen as part of public services. However, there is an 

interoperability challenge on e-government implementation related to information 

system. These systems due to different vendors and their use of different storage types, 

data formats, languages and middleware platform have become diverse, hence the 

challenge of interoperability due to heterogeneity of e-government information systems. 

This has led to the need for organizations to share information and services through 

interoperability platforms. Currently most e-government platforms are independent thus 

result in lack of integration, inconsistency of meaningful data and redundancy of effort. 

The main aim of this study was to develop an interoperability framework for e-

government information system which will improve efficiency and effectiveness of 

government services through accurate sharing of information among various information 

systems while the specific objectives were to identify the factors that affected e-

government information system interoperability, determine the critical factors that 

influenced e-government information system interoperability. 

 

Keywords: Information system, Heterogeneity, Interoperability, e-Government 

information systems. 

 

 

INTRODUCTION 

The interoperability of e-Government information systems become successful when some 

parameters are put into consideration. They include the following: Top management 

support with clear strategy, ICT infrastructure, Policies amongst different departments in 
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government, ICT literacy levels to use the information systems, security and privacy this 

will eventually build trust to use the services delivered. This parameter work hand in 

hand for government to implement successful projects and deliver services without 

meeting  any of the parameters it will act as an obstacle [1]. For this it is important to 

study how interoperability of information systems can be achieved amongst different 

government agencies and investigate how information systems interoperability enhances 

the delivering of services to customers. It is also vital to identify the key issues that hinder 

successful IS interoperability implementation to be achieved. 

The end of the first decade of the 21st Century has been described as both an historical 

turning point in the development of e-Government systems. Various governments have 

seen the launch of various systems aimed at improving the delivery of services and 

sharing of government information more accessible. The aim being to help public 

authorities use ICT to offer better services at lower cost, while making life easier and 

better for citizens and businesses. There is need to empower citizens and businesses to 

improve mobility by having a single user centric information system which will enable 

efficiency and effectiveness [2]. 

Heterogeneous Information System 

A heterogeneous information system is a system which differs in terms of semantics or 

data models, syntactical or logical aspects like software and hardware platforms. The 

advantages of achieving heterogeneous e-government interoperability are significant and 

numerous[3]. Interoperability can led to advancements of various issues including 

improved efficiency of service delivery amongst government agencies, leads to improved 
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coordination among existing services, improved access of e-services and improved 

technology and maintenance management. The administration can improve potential 

future incurring of other expenses such as inflexibility due to vendor lock-in and higher 

prices to procure new systems[4].  Among the policy makers  interoperability of the 

heterogeneous information system will improve parsing techniques and data gathering 

which will eventually result to efficient decision making based on accurate information 

[4]. Data and information accountability and transparency will be enhanced by 

introduction of interoperability amongst heterogeneous information systems which will 

better the overall governance [5]. Finally, interoperability promotes cooperation by 

supporting cross-departmental efforts amongst different levels of government. 

Innovations and advancements in technologies have led to emergence of new software 

requirements especially the advancements in network aspects. Different institutions and 

users can share data and information by working together at the same time. Nowadays 

most organizations try to fuse its information systems amongst each other. 

Goals of e-government heterogeneous information system interoperability 

Interoperability is vital for government agencies to improve government operations and 

provide services to citizens by use of the e-government information systems [6]. Some of 

the key parameter to be addressed for interoperability to be addressed are the 

development  of new service integration capability, creation of new connectivity among 

networks and emergence of new technologies [7]. As a facilitator of transformation and 

innovation by government it is necessary to have a seamless flow of information and 

data [8]. For connected government to be achieved there need to be interoperability of 
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information system which will led to system integration, cross-boundary collaboration 

therefore leads to information sharing [7].  

The primary goals associated with achieving interoperability amongst heterogeneous 

information systems are data exchange, meaning exchange and process agreement [9].  

a) Data exchange is a goal of interoperability whether the data is exchanged 

manually or electronically. Exchange can be from different mediums from emails, 

phone connections and document exchanges via web pages. Lack of 

interoperability has an impact on service delivery amongst major stakeholders in 

government. Collaborative, efficient government and effective delivery of 

seamless services is a key factor of interoperability [10]. Architectural 

interoperability is a key factor towards a more advanced e-government 

information system [11]. Standard and policies which is a key element to achieve 

interoperability hinders government-to-government (G2G) development efforts. 

b) The second goal is exchange of meaning which generally means assigning the same 

meaning to either data or information being exchanged. This is a key factor to 

avoid misinterpretation of data. This goal is difficult to achieve because there will 

be no guarantee that all the participants will successfully interpret the meaning 

data in the same way [9]. The gain of interoperability of information systems is 

for transparency, collaboration and participation to occur with the help of e-

government [12]. 

c) Finally, the third goal is agreement on how to deal with the information that has 

already been exchanged. Process agreement is a key goal of interoperability which 
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focuses from  the information exchanged to the actions taken when the 

information exchange has already occurred [9].There should be agreement of the 

various agencies on what to do with the data they have already received. Process 

agreement is vital because a consumer can provide the same information to 

different government services in response to a single citizen centric event. 

E-governance plays a crucial role in providing anytime or everywhere services to the 

citizens. This is achieved through the development and implementation of various 

information systems aimed at automating various government services. Public service 

organizations have primarily developed diverse heterogeneous incoherent information 

systems along departments or functional boundaries with little or no data sharing among 

information’s systems. This information system have diverse program languages, different 

data formats, diverse data storage methods and vendor’s system access and are mostly 

incompatible with each other amongst the different levels of government[13]. 

Government budget amounting to 85% would be saved if government initiatives were 

to be implemented focusing on addressing interoperability [14]. The two levels of 

government have in an effort to automate their various processes or functions acquired 

different systems some of which are not able to communicate and exchange information. 

As a result of this it has led to lack of shared information, duplication of effort, data 

redundancy, data inconsistencies and long inter-departmental information verification 

inefficiencies. There is need for a mechanism to enhance intercommunication amongst 

these systems and guidelines that can inform various vendors of standard applications 
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Heterogeneity in e-government information systems 

Interoperability requirements is a key influencer to any organization around the world. 

Most organizations around the world uses database management systems to search and 

store important data. These databases have different interfaces which makes it difficult 

for administrators to send data from one point to another. Therefore having a common 

interface is a crucial element to realize interoperability amongst different information 

systems and get the full value of data contained and stored in the databases [15]. 

The term heterogeneity refers to different abstraction of data models from data stored in 

databases. According to [16], heterogeneity is  classified into four categories: system, 

semantic, structural and syntactical. System heterogeneity deals with different hardware 

platforms and system software’s such as operating systems. Different data models which 

have inconsistencies is referred to as structural heterogeneity. Consequences of having 

different data representations and different languages are referred to as syntactical 

heterogeneity. Finally semantic heterogeneity according to [16] is one which deals with 

specifying common data definitions which will eventually led to meaningful exchange of 

information 

Factors that influence interoperability of e-government heterogeneous information 

systems. 

In business and government organizations, information systems often handle sensitive 

data about individuals and other organizations, using various kinds of identifiers. The 

growing cooperation of organizations results in the need to share and exchange such 

data. This collection and sharing, however, is affected by semantic interoperability, 
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organizational and technical interoperability have to be solved and taken into 

account[17]. 

i. Technical Interoperability 

This is considered as the key element for a government or organization to achieve 

interoperability. Technical interoperability has the following domains data schema, data 

accessibility, Data common standards, ICT infrastructure such as hardware, networking 

and communication, security and privacy and emerging application and technology. 

These domains are addressed in the study individually and act as a building block of 

technical interoperability [18]. Exchanging data  in an agreed format of messages via 

communication protocols and platforms should be clear within various government 

agencies [19]. 

Basically technical interoperability revolves around linking of computer elements  and 

services It basically involves interconnection of services with open interfaces, data 

presentation and meaningful exchange of the data, data integration and middleware 

security aspects and accessibility of the services to all [3]. 

ii. Semantic Interoperability 

The semantic interoperability dimension is concerned with ensuring that the precise 

meaning of exchanged information among computer systems and services is 

understandable, even though they were not initially developed with the purpose to 

interoperate. Semantic interoperability enables systems to combine received information 

with other information resources and to process it in a meaningful manner[3]. 
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It maps around meaningful exchange and it is normally placed above the technical 

interoperability level. This is because in order to exchange meaningful data and 

information there should have already been success in information exchange. Many of 

the existing models conform to the same attribute. This is whereby the data received 

from different government agencies are stored into internal databases and processed to 

output meaningful information [18]. Specifying common data definitions and developing 

knowledge based management systems and information models based on semantic 

interoperability. Transmission phase should put into consideration agreements and 

information types before developing any information system [19]. 

iii. Organizational Interoperability 

It aims to link processes among different organizations. Conventional, organizational 

architecture consists of the formal organization, informal organization, business processes, 

strategy and human resources [20]. These components can be understood as the building 

blocks that are mandatory for designing an organizational interoperability. To obtain 

organizational interoperability in e-governance, agencies with different work practices 

must be able to design a common stage where this work takes place.  

To achieve organizational interoperability in information systems it requires 

collaborations between government agencies. To achieve economic and social benefits 

organizations should align their information architectures to make it available of all the 

services it offers accessible to citizens [18]. Data received from different entities should be 

combined with information systems to deliver accurate and meaningful data to the public 

this will led organization to meet their organizations goals and in turn enhance 
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productivity. New services being introduced or adopted should be agreed upon by all 

stakeholders [19]. 

Table 2.1: Three levels of interoperability 

Level of 

Interoperability 

Aim Object Solution 

Technical/Syntactic 

interoperability 

Technically secure data 

/Processing of received 

data 

Signals/Data Protocols of data 

transfer/ Standardized 

data exchange formats, 

e.g. XML 

Semantic 

Interoperability 

Processing and 

interpretation of received 

data 

Information Common directories, 

data keys, ontologies 

Organizational 

Interoperability 

Automatic linkage of 

processes among different 

systems 

Processes 

(workflow) 

Architectural models, 

Standardized Process 

elements (e.g. SOA, 

 

Source:[21] 

Related Frameworks  

a) Architecture of the Australian Government Framework (AGA) 

AGA is comprised of the five reference models defined by FEA, namely Performance 

Reference Model (PRM), Business Reference Model (BRM), Service Reference Model 

(SRM), Data Reference Model (DRM) and Technical Reference Model (TRM). 
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The adaptation made for the framework in case of Australia is that it is enriched with 

repository of principles, patterns, standards SOA repository and service catalogue to help 

the agencies take advantage from the knowledge and knowhow and also reuse of 

principles and standards in their implementations of their own Enterprise Architecture 

[22]. 

The second adaptation is that the government supports the AGA with the high level IF, 

Australian Government Technical Interoperability Framework (AGTIF) (Interoperability 

Framework Working Group, 2005) which ensures that the protocols and standards that 

agencies developed do not hamper future connections with other agencies. The AGIF 

comprise of the following three components Business Process Interoperability 

Framework, Information Interoperability Framework and Technical Interoperability 

Framework. 

b) Architecture of Korean Interoperability Framework, 2010 

The Enterprise Architecture of the Korean e-Government is composed of the same 

components as FEA, the adaptation made by the  Korean is that the framework was 

adopted at the national wide level; all the agencies in the government are obliged to 

follow the framework in order to guarantee the organizational interoperability. 

Supporting the framework the Technical Reference Model (TRM) which consists of 

specifications mandatory for all the agencies to follow in implementing their EAs [22]. 
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Domains Items 

1 Service Access & 

Delivery 

Technologies related with Service Usage or Service 

Providing among systems or among users and 

systems 

(Web Browser, Mobile Channel, Protocol) 

2 Platform & 

Infrastructure 

Hardware, Database, Network, Middleware, O/S 

(LAN, Virtual Conference, DBMS, Open O/S, S/W 

Engineering) 

3 Elementary Technology Data or Software Technologies 

(Data Expression, Programming Language, Data 

Exchange) 

4 Interface & Integration Service Integration and Data Sharing 

(Web Service, Data Formats) 

5 Security Guidelines, Network Security, Authentication and 

Encryption 

Total Number of Items  

 

Figure 1: Technical Specification domains of Korean Interoperability Framework 

Source: (Jooheang Cho,2010) 

The technical Interoperability Framework of Korea is composed of nine technology areas 

which are illustrated in figure 2.1. The technology areas covered by the framework are 

related to the technical reference model to the Enterprise Architecture and they concern 

user interface, data, system (service) interface, security, operation and maintenance, 

application, platform, network and internationalization. 

(i) User Interface: Adopts internet and world wide web standards, and makes the 

browser the main user interface 

(ii) Application: UML is selected to be the main modelling language for 

application design. 
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(iii) Data: XML and XML Schemas are adopted for data exchange. 

(iv) Platform: The framework advocates the use of open system standards and 

recommend the use of open source software. 

(v) System interface: Web Servers are adopted as applications for services 

connection and integration on internet. 

(vi) Network: Should support IPV4 and IPV6 in the product; also uses the e-

government network. 

(vii) Security: Public Key Infrastructure based certificate is used to secure data, 

(viii) Internationalization: To be insured by the use of Unicode, UTF-8 standards 

and also standards that allow supporting currency and measures conversion.  

c) E-Government Interoperability Framework for Mozambique 

The eGIF4M plan is devised to allow for an incremental introduction, risk minimization, 

and 

Comprise of the following key actions: 

I. Technical which includes the implementation of an architectural framework (the 

eGIF4M service delivery architecture) based on a government service bus, where 

all the systems shall converge to interoperate, thus reducing the dependencies, the 

expectations, and the needs of strong coordination with donor funded projects. 

The specification of the standards to be adopted at each level of the architecture, 

if applicable, and definition of a life cycle for the standards, to accommodate 

evolving e- Government projects and innovation in technologies[24]. 

II. Organizational which is structured in the definition of an interoperability maturity 

model, which measures the level of compliance and of adoption of eGIF to 
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quantify and make visible the benefits (or disadvantages) of the framework and to 

setup incentives for the more virtuous projects. The setup of an organizational 

structure and of the decision processes to manage eGIF4M, monitor its execution, 

and to maintain and enforce it in the longer term. 

III. Systemic support actions, meant as the set of activities to favor growth of local 

skills and capabilities, to help create and disseminate a culture of interoperability, 

to help increase international networking of local companies and universities, and 

to create a virtuous cycle among public institutions, higher education, and private 

companies[25]. 

E-Government Heterogeneous Interoperability Framework 

Domains identified in the model are ICT infrastructure, Collaboration, Data and 

Information integration and standard and policies. 24 distinct interoperability adoption 

factors were identified that will influence the establishing of interoperability within the 

public service. From the 24 interoperability factors identified, the seven most identified 

interoperability adoption factors are the following: 

a) Standard: For interoperability to be achieved there should be a common standard 

for there to be efficient and effective communications amongst the government 

information system. 

b) Data Security: Interoperability solutions should ensure protection of data within 

hosting environments and data in-use within applications that is Confidentiality, 

Integrity and Availability.  

c) Data Quality: Data to be shared among Information Systems should be accurate, 

precise, complete, usable and consistent.  
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d) Connectivity: Before data exchange can take place between information systems 

there should be a network platform between the systems in place example is the 

local area network and wide area network.  

e) Performance: Interoperability solutions should provide acceptable throughput and 

response times for all data requests made between systems.  

f) Accountability: A person or organization should be made and held responsible for 

the upkeep and protection of data provided to other users. 

g) Compatibility: Hardware and software should be designed or made to be 

compliant with each other.  

Summary 

The results established under communication interoperability that the main protocols 

identified were FTP, HTTP and VSP these protocols were identified as the best protocols 

for exchanging data between interoperability partners. Data security also was identified 

as a key element to achieve interoperability by addressing the attributes which are 

authentication of data, authorization, encryption and hashing. Architectural level 

information systems were required to be organized in either client-server architectural 

model. There is also a need for organizations to use newer types of system architectures 

such as the service oriented architecture and peer-to-peer architecture for data sharing 

and service delivery. 

Seven services were also identified that had to be provided by the system architectures 

identified such as: a) data import/export services, (b) File transfer services, (c) Remote 

Procedure Calls, (d) Transactional services, (e) Web Services (f)Security Management 

Services. 
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Although there are basically three primary goals associated with achieving 

interoperability in any system (data exchange, meaning exchange and process and 

business agreement), when it comes to government, the context can be even more 

complex because of the necessity of dealing with some influencing factors such as legal, 

political and socio-cultural issues. In government related interoperability, the context is 

very important, once some major differences must also be addressed (e.g. poor 

infrastructures, dictatorial countries). In spite of that, the majority of government related 

models deals with issues concerning e-Government, whose objectives are generally to 

improve efficiency and effectiveness, offering (if pertinent) online services and 

information that can increase democratic participation, accountability, transparency, and 

the quality and speed of services areas. It is considered that for a government agency to 

achieve interoperability they should consider the following three parameters: Technical, 

semantic and organizational interoperability, 

Conclusion 

The factors identified are ICT infrastructure, Data and information integration, Standard 

and Policies and collaboration. Among the domains identified under ICT infrastructure 

were to establish the technical interoperability environment connecting computer 

systems. Issues of technologies (e.g. hardware, software), communication infrastructure, 

protocols, open interfaces, electronic services, directories, software architecture (style and 

topology), security and system management. Data and integration policies identified 

were the manner in which data and information will be presented (e.g., documents, 

objects, graphics and formal messages), shared and accessed by 3rd parties, common data 
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definitions and data maintenance. Standard and policies attributes are the interoperability 

scale, content, standards and performance references. The collaboration attributes are the 

different bilateral agreements and process domains involved, level of interoperability 

(e.g., manual, peer-to-peer, distributed, integrated, global) required, security 

considerations and compatibility requirements for exchanging data and sharing data and 

information among departments.  
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